In order to test these predictions we digitized the songs. We then used a cross-correlation procedure that compares the digitized spectrographs and returns a quantitative measure of song similarity (Clark et al. 1987 ). The results take the form of a matrix of song similarity for pairwise comparisons of all birds at a location. A linkage tree describing relationships within a matrix is generated using cluster analysis. The probability that these relationships are random is evaluated by comparing song similarity matrices with matrices of distance using the Mantel test (Manly 1991 frequency range of 16 kHz and transform size of 100 points [600 Hz]). These were visually inspected to obtain an initial note-type catalogue, which was used for comparing notes and phrases of the songs produced by individuals within and between localities. In these species, elements of a note may be separated by 1.0 to 1.8 ms of silence (Fig. 2) ; we treated these "note complexes" as single notes given that the crosscorrelation analysis we used is insensitive to periods of silence of this magnitude. Furthermore, birds that have been tested cannot resolve temporal features shorter than 2.0 ms at or above 4.5 kHz, and resolution decreases with increasing frequency (Konishi 1969) .
Digital sound acquisition, storage and analysis were performed on a Gateway 2000 microcomputer using Real-time Spectrogram (RTS) version 1.25 and SIG-NAL version 2.27 programs and hardware (Beeman 1993 ). Four notes were extracted from four randomly selected song bouts recorded from each individual bird. Notes were stored as digitized waveforms in computer files using RTS (sample rate 25 or 33 kHz).
Measures of frequency (Hz) and temporal (seconds)
parameters were stored in an on-line log file from a digital cursor in RTS. Using a SIGNAL routine, the stored sounds were transformed into digital spectrograms (128-or 256-point Fast Fourier Transforms, 600 or 800 steps per signal) for cross-correlation.
Digital cross-correlations between pairs of note spectrograms were performed. Cross-correlation incrementally moves two digital spectrograms past each other in time. A digital spectrogram is a matrix of cells, each containing a value reflecting the amplitude for its particular row (frequency) and column (time). curve of correlation coefficients is a measure of similarity between two spectrograms and is here referred to as a similarity value (the inverse is a dissimilarity value) between notes. The higher the value the greater the similarity. This procedure allows for the full representation of a sound's frequency and time structure, rather than a few discrete measures of these acoustic features, and is a sensitive measure of similarity between sounds. A batch-processing routine in SIGNAL automates multiple cross-correlations of up to 64. The output of the peak correlation coefficients from all possible pairwise comparisons were stored in an n x n triangular matrix without diagonals (an n x n square matrix of these data is symmetrical about the diagonal, and the diagonal values are autocorrelations of no interest here; thus, only the lower left hand corner is calculated).
We have conducted sensitivity tests of SIGNAL's spectrogram cross-correlation calculation with sounds containing varying periods of silence, differences in duration, and amounts of background noise. The data from these tests will be presented elsewhere (Mauck et al. in prep.), but in all cases correlation coefficients were insensitive to the location of the high-amplitude cells within the grid. That is, SIGNAL's spectrogram cross-correlation is a matrix comparison routine that accurately measures the overlap of patches of gray and black on a white background. It is therefore not a magic box for comparing all features of sounds, but is useful for comparing the shapes of sounds that lack overtones, or the fundamental frequencies of sounds with overtones, particularly sounds that are of similar duration (Beeman 1993 tones or only one, and are at or near the same frequency. They differ mainly in "shape," making them good candidates for spectrogram cross-correlation. We used cluster analyses to describe the relationship between the notes of birds at each observation location. A cluster analysis was performed on the matrices of similarity values using average (UPGMA) hierarchical cluster analysis (SYSTAT 5.03; Wilkinson 1990). In the resulting linkage-tree diagrams, degree of similarity between notes is represented by the proximity of the branches, with the most similar notes closest to one another. These objective descriptions were compared to the subjective patterns obtained from visual spectrogram sorting and field observations of bird associations.
To test hypotheses about the association of song and groups, we used a method of matrix correspondence first described by Mantel (1967) To test the prediction that neighbor songs are more similar than those of nonneighbors, we constructed a "group matrix" in which a value of one was entered for each neighbor dyad (20-30 m between individuals) and a zero for nonneighbor dyads. A Mantel test between group and song similarity matrices tested the prediction that neighbor songs are more similar than nonneighbor songs against the null hypothesis of no difference.
To test the prediction that song similarity is negatively correlated with geographic distance, we constructed a geographic distance matrix in which the distance between members of a dyad was calculated by dividing each intra-dyad distance by the maximum intra-dyad distance. A Mantel test between geographic distance and song similarity matrices evaluated the prediction that song similarity is negatively correlated with geographic distance.
RESULTS

GENERAL DESCRIPTION OF DISPLAYS AND ASSOCIATED VOCALIZATIONS
In both species males delivered song bouts from one or more exposed perches in what has been termed a "static" display ( Mantel tests supported this assessment of song sharing in our study populations. For both species, Mantel tests between the group matrix (neighbor vs. nonneighbor) and song similarity matrix were significant (C. coruscans, Mantel statistic = 5.14, P = 0.0002; C. thalassinus, Mantel statistic = 2.55, P < 0.01), suggesting that individuals' songs are influenced by the songs of neighbors. Mantel tests of correlation between geographic distance matrices and song similarity matrices were also significance (C. coruscans, Mantel statistic = -4.90, P = 0.0002; C. thalassinus, Mantel statistic = -3.14, P < 0.0l), suggesting that as distance between individuals increases, their songs become less similar. Thus, our results support the hypothesis that song sharing occurs in these species and is promoted by geographic proximity.
Static display of C. coruscans.--Two clear assemblies were identified to be within hearing of each other at the university campus area and the area 1 km S. For the campus group I, visual inspection of spectrograms reveals that all three birds had chevron-shaped elements in the note makeup, and birds S at the university (group II) had repeated fast frequency-modulated elements forming a buzzy (vibrato) note (Fig. 4A) . Cluster analysis on the note similarity matrix for groups I and II clearly link the birds of group II on a discrete branch, but places bird A of group I on its own branch and distant from birds B and C (Fig. 4A) . One discrete neighborhood of two birds was Table 1 ).
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[Auk, Vol. 111 Birds also delivered partial dynamic display songs usually during activities involving close encounters between birds. Thus, in chases between birds, only the third, lower-amplitude phrase was used (Fig. 6A and B) . One bird delivered the dynamic song without the introductory clicks while perched (Fig. 6C) . These thalassinus. However, whereas the static song of C. coruscans consists of identical single or paired notes repeated in strings at regular rhythms (Figs. 4 and 5A) , the song of C. thalassinus is more complex. In C. thalassinus there are phrases of two, three, or rarely four different notes shared by neighboring males (Figs. 7, 8 and 9) . Different males in a neighborhood may deliver these notes at different interphrase rates and/ or note combinations (Fig. 10) .
Colibri coruscans also performs a dynamic flight Songs of C. thalassinus between distant locations occasionally had notes and/or entire phrases in common (Fig. 11) 
